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Abstract 

The ATLAS and CMS experiments at the CERN LHC have collected about 20 fbr 1 of data each at 
the end of their 8 TeV run, and ruled out a huge swath of parameter space in the context of Minimally 
Supersymmetric Standard Model (MSSM). Limits on masses of the gluino (g) and the squarks of the first 
two generations (q) have been pushed to the TeV range. Light third generation squarks namely stop and 
sbottom of sub- TeV masses, on the other hand, are still allowed by their direct search limits. Interestingly, 
the discovery of a Standard Model (SM) higgs boson like particle with a mass of ~ 125 GeV favours a light 
third generation which is also motivated by naturalness arguments. Decays of stop and sbottom quarks 
can in general produce a number of distinct final states which necessitate different search strategies in the 
collider experiments. In this paper we, on the other hand, propose a general search strategy to look for third 
generation squarks in the final state which contains a top quark in the sample along with two additional 
hard leptons and substantial missing transverse momentum. We illustrate that a search strategy using the 
dileptonic Mt2, the effective mass m c ff and jet substructure to reconstruct the hadronic top quark can be 
very effective to reduce the SM backgrounds. With the proposed search strategy, we estimate that the third 
generation squarks with masses up to about 800 GeV can be probed at the 14 TeV LHC with a 100 fb _1 
data set. We also interpret our results in two simplified scenarios where we consider the stop (sbottom) pair 
production followed by their subsequent decay to a top quark and the second lightest neutralino (lightest 
chargino). In this case also we find that stop (sbottom) mass up to 1 TeV (0.9 TeV) can be discovered at 
the 14 TeV LHC with 100 fb _1 integrated luminosity. 



PACS numbers: 11.30pb, 14.80Ly, 14.80Nb 
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1 Introduction and motivation 

As the LHC suspends its operation for the upgrade to 14 TeV after having collected about 20 fb _1 of data 
by each of the ATLAS and CMS experiments at the centre of mass energy of 8 TeV, we look back and 
marvel at the amazing performance of the machine and the breakneck pace at which the ATLAS and CMS 
collaborations have been analyzing the data. The feather in the cap of the 8 TeV run has been the most 
anticipated result in particle physics in the last two decades; the discovery of a boson of mass about 125 
GeV which resembles the standard model(SM) higgs boson in its behavior [1,2]. 

The discovery of a 125 GeV higgs like boson has fueled speculations of physics beyond the SM from 
various considerations like vacuum stability, fine tuning of the higgs potential and so on. The impact of this 
discovery on new physics models has been studied extensively in the recent past. Its implications on models of 
Supersymmetry(SUSY) have been discussed in a wide range of papers [3-31]. Along with this there have been 
sustained efforts in the particle physics community to probe SUSY signatures in the light of the recent higgs 
data [32-41]. While after the first two years of data taking the gluinos and first two generation of squarks 
do not seem to be in the sub- TeV scale, the discovery of the higgs like boson has spurred a renewed interest 
in a region of SUSY parameter space termed as "natural Supersymmetry" [10, 18,42-45]. This idea stems 
from the fact that the most relevant superparticlcs responsible for cancellation of the quadratic divergence in 
the higgs mass are the third generation squarks. Therefore, even if squarks of the first two generations and 
the gluinos are heavy, a comparatively lighter third generation can cure the fine-tuning problem in the SM. 
While a 125 GeV higgs would, in general, necessarily mean a large stop tri-linear coupling A t , introducing 
some adjustment of parameters in the theory, a light third generation scenario nevertheless has an extremely 
attractive prospect for both the theorists and the experimentalists. This has brought about a paradigm shift 
in the way SUSY searches have been conducted at the LHC. 

At the LHC the SUSY searches have been mainly performed in the framework of constrained minimally 
supersymmetric standard model (cMSSM) which assumes specific relations among the soft supersymmetry 
breaking couplings at a very high energy scale. There have been quite a few phcnomcnological analysis to 
investigate cMSSM signatures at LHC using different techniques to suppress SM background [19,35,36]. 
The limit on the gluino mass obtained by ATLAS and CMS collaborations in the cMSSM context currently 
stands at about 1.5 TeV for mg ~ mg and about 1.2 TeV for mg <C mg [46,47]. 

While cMSSM searches have provided a guideline to the way collider strategies are devised at the LHC, 
the negative results in all the searches have triggered a more pragmatic approach to SUSY searches at 
the LHC. This together with the discovery of a SM higgs like boson has lead us to look beyond cMSSM, 
in particular at considering simplified models motivated by naturalness arguments and hence, light third 
generation sparticles in a general MSSM framework with no specific relations among the soft supersymmetry 
breaking parameters. This has motivated an avalanche of phenomenological studies in light stops and/or 
light sbottom scenarios [38,42,43,48-63]. In terms of collider searches most phenomenological studies have 
been conducted for predominantly right handed stop and sbottom quarks in the decay channels t — > txl 
and bi — > b^f [59,64-67]. The general observation has been that the efficiency depends strongly on the 
ti(bi) — X? mass difference which, if large, leads to a hard jets and a large missing transverse energy (I^1 T ) 
crucial in suppressing the large background arising from the production of top quarks in the SM, while for 
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smaller mass difference scenarios it has been suggested to look for stop pair in association with one hard 
QCD jet prompting monojet + Fj t final state [49,50]. Some analyses have tried to overcome this problem 
by performing a shape analysis of the distributions of Jfi T and Fj T -rclated observables [62]. It has also been 
suggested that in the large ti — Xi mass difference scenario, the use of top-tagging by jet substructure 
methods can also be very helpful in achieving a reasonable sensitivity both from direct stop production and 
in stops from gluino cascade decays [60,68,69]. 

Recently several phenomcnological studies have been performed to investigate the signature of strongly 
interacting third generation SUSY particles in various channels at the 14 TeV run of the LHC. A monojet 
with large missing Et signal has been proposed to look for the light stop, where ti — > cxi via one loop 
processes. Using this signal topology, it has been found that at 14 TeV LHC run with 100 fb _1 luminosity a 
light stop with mass up to 250 GeV can be probed [50] . The prospect of a spin zero top partner decaying to 
top quark and neutral particles was also studied in [55] and the expected discovery limit for light stop mass 
at 14 TeV with 100 fb^ 1 is close to 675 GeV. The gluino-stop-neutralino model has been studied in [60] for 
14 TeV energy with two top tagged jets and missing energy. The resultant gluino discovery limit is expected 
to be 1.7 TeV with 33 fb _1 luminosity. As far as the sbottom searches are concerned, it has been shown that 
in the sbottom-co-annihilation scenario bi — > bx? the light sbottom mass up to 570 GeV can be observed at 
the 14 TeV LHC run once again with 100 fb" 1 data [64]. 

As far as the experimental efforts to look for the signal of stop and sbottom at the LHC are concerned, both 
the ATLAS and the CMS Collaborations have searched for light stops in simplified models and placed limits 
assuming specific mass relations among gluino, stop and the lightest neutralino. The CMS collaboration 
analyzed about 10.5 fb _1 of data set at 8 TeV center of mass energy in the same sign di-lepton + b-tagged 
jets final state and placed limits in various simplified model scenarios [70]. This study ruled out up to 1 
TeV gluino mass in a model where the gluino decays via an off-shell stop, g — > tt J — > ttx?, for the lightest 
neutralino mass up to 600 GeV. The same study also ruled out scenarios where gluinos decay via on shell 
stops to the same final state as above up to a mass of 1 TeV for stop masses about 800 GeV and a lightest 
neutralino mass of 50 GeV. They also examined models where the gluino cascades via on-shell sbottoms to 
charginos and finally to di-lcptons (g — > bb — > txfh). This study ruled out gluino masses in the range 300 
GeV - 1 TeV for sbottom masses in the same range of 300 GeV - 1 TeV assuming Xi and xt masses to be 
50 GeV and 150 GeV respectively. Finally, for direct sbottom production they ruled out sbottom masses in 
the window 270 - 450 GcV for xt masses in thc^range 100 - 200 GeV with a x? mass of 50 GeV. ATLAS 
recently searched for light stops in the channel ti — > hxf — > bxi'ff' assuming Am = m-± — m^o to be 5 
GeV and 20 GeV. For Am = 5 GeV they ruled out stop masses of about 600 GeV in a corridor of lightest 
neutralino mass [71]. 




Figure 1: Sample Feynman diagrams for stop and sbottom pair productions and their subsequent decays to 
a final state containing a top quark, two additional leptons and missing transverse momentum. 

It is imperative for some of these search strategies to be extended and made more efficient to cover more 
ground in the quest for strongly interacting third generation SUSY. In the mallee of the final states that 
can be analyzed, it is also worthwhile to consider a general strategy for stop and sbottom quarks such that 
the same final state is common to both the stop and sbottom pair production. Although, light stops and/or 
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light sbottoms around or below the TeV scale is well motivated, production cross sections for individual stop 
pair and sbottom pair process are rather small even at 14 TeV LHC and thus, the option of an inclusive stop 
and sbottom search is lucrative, as was the case for early inclusive cMSSM searches at the LHC for squarks 
and the gluino. This motivates us to consider the final state containing a hadronic top quark, two additional 
hard leptons and missing transverse momentum which can originate from the decays of both the stop and 
sbottom pairs. Some of the decay chains which can give rise to such final state are shown below, 
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In Fig. 1 we also show two example Feynman diagrams of the processes of our interest. Note that, if 
the stops and sbottoms are moderately heavy with a large mass gap bi — xt and ti — x°> the produced top 
quark can be sufficiently energetic so that the jet substructure techniques can be very useful to reconstruct 
them in the hadronic channel. Along with this, two additional hard leptons with moderately large missing 
transverse energy can lead to a clean signal. In addition to reconstructing a boosted top quark, a hard cut 
on Mt2 constructed out of the momenta of the two hard leptons and the missing transverse energy helps us 
to combat the background in an efficient way. 

We organize our paper as follows. In section 2 we discuss the choice of our model parameters. A few 
benchmark points are also selected for the illustration of our collider strategy. Section 3 describes the 
details of our event selection cuts. The signal, backgrounds and statistical significance are also shown. The 
interpretation of our results in two simplified models is presented in section 4 and finally, we summarize our 
observations and conclude in section 5. 

2 Choice of model parameters, benchmarks and branching ratios 

In models like cMSSM where all the scalar soft masses are set to a common value at a high scale, the lightest 
stop quark, because of the large RG effect, becomes predominantly right handed. A bino-like lightest 
neutralino also often emerges from the minimal supergravity boundary conditions. Because of this, light 
third generation searches so far have been mostly carried out in the scenario where the dominant decay 
modes for the top and bottom squarks are ti —> tx? and bi — > bx? (Provided ti — x? mass gap is sufficient 
for this decay to be kinematically allowed). 

However, decays of top and bottom squarks to the heavier neutralinos and charginos are quite motivated 
in the context of natural SUSY spectrum and have gained considerable attention recently [72,73]. The 
branching ratios to these channels can also be quite high in many scenarios [72,73]. In the context of 
the phenomcnological MSSM (pMSSM) this can easily be achieved by having the lighter stop and sbottom 
predominantly left handed. In this case the decays of stop and sbottom will be dominated by ti — > tx 2 , 
ti — > b\f and bi — > bx", bi — > tx± respectively. With the increasing masses of the top and bottom squarks 
the modes ti — > t%3 4, ti — > bxt and bi — > b%3 4, bi — > ix.2 also open up. While these latter decay modes 
allow a plethora of final states which can be studied individually, all of them also contribute to the final 
state of our interest. Thus, our analysis also captures some of the events arising from these decay chains. 

In order to perform a detailed analysis of signal and background which we present in the next section, we 
now choose a few model benchmark points. In order to do that, at first the three gaugino mass parameters 
Mi, M2 and M3 are set to the values 50 GeV, 150 GeV and 1.5 TeV respectively. The higgsino mass 
parameter (i is taken to be 300 GeV and tan/3, the ratio of the vacuum expectation values of the two higgs 
doublets, is fixed at the value of 10. With the given choices of Mi and M2, the x?> X2 (and xt)i X3 and 
X°(and xt) masses are calculated to be about 50 GeV, 150 GeV, 310 GeV and 330 GeV respectively. Note 
that, although these masses correspond to the specific values of Mi and M 2 chosen above, our analysis is 
completely general as long as the decay modes described in the previous section are kinematically allowed 
(and the LSP is not too heavy). The right handed third generation squark mass parameters m^ R and mg 
are set to a high value of 2 TeV in order to keep the lightest stop and sbottom mostly left handed facilitating 
the dominance of the decay modes of our interest. All the tri-linear couplings, with the exception of A t , is 
set to zero. A t is taken to have a large negative value of -2800 GeV just to make sure that the lightest higgs 
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mass is in the range 123 - 128 GeV. These tri-linear couplings, however, have very little bearing on our final 
results. The masses of the first two generations of squarks and all the three generations of sleptons are set 
to 5 TeV as they are irrelevant for our study. 

To generate the physical masses of the sparticles we have used the software package SuSpcct [74]. The 
decay branching ratios are then calculated using another public domain package SUSYHIT [75] which also 
includes SuSpcct inside it. In Table 1 we show the masses of top and bottom squarks and the relevant 
branching ratios for four benchmark points which we choose for our signal and background analysis in the 
next section. The light stop and sbottom masses are obtained by varying the left handed third generation 
squark mass parameter mg- as shown in the first column of Table 1. 
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Table 1: Masses of top and bottom squarks for the four benchmark points and the relevant branching 
fractions. All the other parameters are set to their fixed values as described in the text. All energy units are 
in GeV. 

It is worth mentioning that the cross-section for stop or sbottom pair production decreases rapidly with 
their increasing masses. For example, the next to leading order cross-section for a 500 GeV stop or sbottom 
pair production stands at around 680 fb (calculated using PROSPINO [76] with the default choices of the 
scale and parton distribution functions) and goes down to as low as 10 fb for masses of 1 TeV even with 
the proton proton centre of mass energy of 14 TeV. Hence, to maximize the possibility to see a signal it is 
important to have most of the branching ratios contribute to the signal. As we mentioned in the previous 
section, this was precisely our motivation to consider a final state which is common to many of the decay 
chains of top and bottom squarks. 

3 Details of collider simulation and results 

In this section we describe the details of our simulation procedure as well as the phase space selection cuts 
for our signal and the backgrounds. But before we do that we would like to remind the readers about 
the final state we are interested in and also discuss the potential backgrounds for our signal. As we have 
already mentioned earlier, we are interested in a general search strategy for the third generation squarks and 
hence we consider the final state consisting of at least a top quark, at least two additional leptons and some 
missing transverse momentum. There are several Standard Model processes which can give rise to such final 
state and thus contribute to the background for our signal. The most important of these backgrounds are 
tt + n jets, ttZ, ttW and tbW. There are also other backgrounds like tttt and ttWW but they are expected 
to be insignificant because of their very low cross-section. In order to check that this is indeed true we also 
include them in our background estimation. We also check that the tW and tZ events, in spite of their 
comparatively larger cross-sections [77,78], do not contribute to the background. Note that, some of the 
backgrounds mentioned above, at the parton level, do not seem to contribute to the final state of our interest. 
For example, in tt + n jets events once one top is tagged hadronically, there is no possibility of two additional 
leptons in the final state. But, once parton showering and hadronization is included, an additional lepton 
can be produced, for example, from a semileptonic B meson decay and thus this process can contribute to 
our final state. 

We are now in a position to discuss the details of our event selection procedure. The reconstruction of 
final state objects like jets, leptons etc. along with the other selection criteria are described below. 
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Figure 2: The M^ 2 (left panel) and m G ff (right panel) distribution for PYTHIA generated tt events (marked 
as tt) and two benchmark points (denoted by P2 and P4) with more than 50 fb _1 event sample. 



• CI : At first, we demand two isolated leptons (electron and muon) with the transverse momentum 
Pt > 25 GcV and the pseudo-rapidity |?7| < 3. Isolation of leptons is ensured by demanding the total 
transverse energy p^ c to be less than 20% of p T . Here p^ c is defined as the scalar sum of transverse 
momenta of all the hard jets (j) which are close to the lepton satisfying AR(^, j) < 0.2. The jets are 
formed using the anti-kx algorithm with the value of R=0.5. Out of these jets only the hard jets 
which satisfy a transverse momentum cut p J T > 50 GeV as well as the the pseudo-rapidity |?7| < 3 are 
selected. The lepton identification at the LHC being extremely efficient and clean, this can be used as 
an efficient trigger of our events. Asking for two hard and isolated leptons in the final state also kills 
a large part of the SM background. 

• C2 : As a second step, we consider the variable M" 2 [79] which is defined as 

m ax {M T (^^\f^),M T (^ e T 2 ,^)} , (1) 

where 11 and £2 are the two hard leptons selected in the previous step, ~$ T is the total missing transverse 
momentum vector of the event and Mt(^i, "v^) is the transverse mass of the ( v i, v 2) system which 
is defined as 

Mt(^i,^) = ^21^11^21(1- cos </>), 

4> being the (azimuthal) angle between "v^i and ~v^2- In the definition of Eq.l, and "p^ are a 
hypothetical split of the total observed missing transverse momentum into two parts. Here we have 
assumed the masses of the unobserved particles to vanish. As for pure dileptonic tt events 
distribution has an end point at the top mass, a hard cut on M^ 2 can help reduce the tt background 
by a huge amount. This can be seen in the left panel of Fig. 2 where the M^ 2 distribution for tt events 
as well as two signal points are shown. In our analysis we impose M^ 2 > 125 GeV on the events. 

• C3 : We now define an effective mass of the system m e g = £p J T + Sp T , where the first sum runs over 
all the hard jets and the second sum is over all the hard and isolated leptons present in an event. As 
m e ff is strongly correlated with 2mj i or 2m^ i , the signal is expected to occupy the large m e ff region of 
the phase space while the backgrounds should have lower values of m e ff . This can be seen in the right 
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Figure 3: The invariant mass distribution of the reconstructed top quark using the jet substructure algorithm 
without (left panel) and with (right panel) b-tag for two benchmark points with more than 50 fb _1 event 
sample. 



panel of Fig. 2 where the m c ff distribution for tt and two signal points are shown. In our analysis, we 
find a lower cut of m e g > 800 GeV very useful to keep the backgrounds under control while keeping a 
significant number of signal events. 

• C4: As our signal final state consists of a number of stable neutralinos and neutrinos, a moderately 
hard missing transverse momentum cut ^ T > 150 GeV is used to further reduce the backgrounds. This 
step helps to decrease, in particular, the ttZ background to a good extent. 

• C5 : Finally, we demand at least one top quark in the sample by reconstructing its invariant mass 
using the jet substructure technique. For this purpose we use the Johns Hopkins top tagger [80], using 
Cambridge Aachen (C/A) algorithm [81] with the choice of the parameters R = 1.5, S p = 0.10 and 
6 T = 0.19. While reconstructing W mass in the intermediate step of the algorithm we consider the mass 
window (60-100) GeV and demand that the W helicity angle 8h satisfies cos9h < 0.7. We demand the 
final reconstructed top mass to fall in the window (135-215) GeV. We do not impose a b-tag criteria on 
our reconstructed top quark. The left panel of Fig. 3 shows the reconstructed top mass for two of our 
benchmark points. As the produced top quark is more energetic for heavier stop/sbottom quarks, the 
jet substructure technique for the top mass reconstruction works better for the benchmark-4. Although 
we have not used a b-tag criteria in our analysis, in the right panel of Fig. 3 we show the improvement 
of the mass reconstruction if a b-tag is demanded. In Fig. 4 we also present the top reconstruction 
efficiency in the process pp — ^ ti tj , ti — > as a function of stop mass for three different values of 
R assuming the \2 mass to be 150 GeV. As expected, for R=1.0 and R=1.2, the efficiency initially 
increases with the increase in the stop mass, reaches a maximum and then starts decreasing for even 
larger values of the stop mass. We demand that our choice of R should be optimal for a large region 
of parameter space. From this figure it is clear that the choice of R=1.5 is adequate for our choice of 
stop mass range. The deviation in the efficiency for other two choices of the parameter R is not more 
than few percent for our benchmark points. 

We use Pythia6.4.24 [82] for generating the signal events. For the backgrounds, we use Madgraph5 [83] 
to generate parton level events and subsequently use the Madgraph-Pythia6 interface (including matching 
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Figure 4: The top reconstruction efficiency as a function of stop mass for three choices of the parameter R. 



of the matrix element hard partons and shower generated jets, following the MLM prescription [84]) to 
perform the showering and implement our event selection cuts. We use the Fastjet3 package [81,85] for 
the reconstruction of jets and the implementation of the jet substructure analysis for reconstructing the top 
quark. 





No. of events after the cut 




Signal 


Production 
Cross-section (fb) 


Simulated events 
(in units of 10 4 ) 


CI 


C2 


C3 


C4 


C5 


Final Cross-section 
(in units of 10 -2 fb) 


PI 


3600 


50 


42319 


1802 


615 


461 


71 


51.2 


P2 


330 


10 


16429 


1569 


1000 


800 


205 


67.6 


P3 


52 


5 


9423 


1325 


1134 


982 


226 


23.5 


P4 


14 


5 


10114 


1782 


1690 


1517 


363 


10.2 



Table 2: Event summary for the signal after individual cuts as described in the text. In the last column we 
show the final cross-section after all the event selection cuts have been applied. 



We present our results in Table 2 and 3 where the number of signal and background events surviving 
after each selection cut are shown respectively In Table 2 and 3 the first three columns show the processes 
studied, the raw production cross-section and the number of events generated for each process respectively 
For the signal points the raw cross-section corresponds to the next-to-leading-order value calculated using 
Prospino [76] with default choices for the scale and the parton density function. For the background processes 
we use either the NLO cross-sections if they available in the literature or the cross-section as given by 
Madgraph5. For both the signal as well as the backgrounds the total number of events simulated is of the 
same order or more than the number expected in the 14 TeV LHC with 50fb _1 luminosity. In the column 
4-8 we show the number of events after each selection cut and the final column shows the cross-section after 
all the cuts have been imposed. A closer look on the numbers in Table 2 shows how with the increasing 
masses of the stop and sbottom quarks from PI to P4 (which makes the final state leptons, jets and missing 
energy more and more harder) the efficiencies of Mt and m e fi increase for the signal. These two steps also 
reduce the backgrounds to a manageable level. In the final step, the demand of a top quark in the sample 
brings down the background to a minuscule level keeping a handful of signal events. 

In Table 4 we give a summary of our signal and backgrounds and also estimate the signal significance. 
While calculating the significance, in order to be conservative, we have also included a 10% systematic 
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No. of events after the cut 




SM backgrounds 


Production 


Simulated events 


CI 


C2 


C3 


C4 


C5 


Final Cross-section 




Cross-section (fb) 


(in units of 10 4 ) 












(in units of 10~ 2 fb) 


tt+ jets 


918000 [86] 


4320 


1587596 


601 


39 


29 


4 


8.5 


tbW 


61000 


600 


215807 


80 


4 


2 


1 


1.0 


ttz 


1121 [87] 


7 
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ttw 
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1.5 
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1588 
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10 
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1781 
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10 
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Table 3: Event summary for the backgrounds after individual cuts as described in the text. In the last 
column we show the final cross-section after all the event selection cuts have been applied. 









Signal (N s ) 




Backgrounds (Nb) 


N S 










,/Nb + (0.1N e 


) 2 




m Sl (GeV) 


10 fb" 1 


50 fb" 1 


100 fb" 1 


10 fb" 1 


50 fb" 1 


100 fb" 1 


10 fb" 1 


50 fb" 1 


100 fb" 1 


PI 

P2 
P3 
P4 


423 
632 
834 
1031 


5.2 
6.8 
2.4 
1.0 


26.0 
34.0 
12.0 
5.0 


52.0 
68.0 
24.0 
10.0 


1.6 
1.6 
1.6 
1.6 


8.0 
8.0 
8.0 
8.0 


16.0 
16.0 
16.0 
16.0 


4.1 
5.3 
1.9 
0.8 


8.8 
11.6 
4.1 
1.7 


12.1 
15.8 
5.6 
2.3 



Table 4: The summary of our signal and backgrounds. The statistical significance of the signal at three 
luminosities 10, 50 and 100 fb" 1 are also shown. 



uncertainty on the total background estimate. 

4 Interpretation in simplified scenarios 

In this section we interpret our results in two simplified model scenarios. In the first model we consider 
direct stop pair production and their decay through the decay chain 

pp -> txtj, tj ->tX2, xl -> Xi z > 

while in the second case we study the direct sbottom pair production using the following decay chain 

pp^-bibt, bi -*-txr= Xi -»XiW~. 

We assume all the branching ratios to be unity. In Fig. 5 we show the estimate of our signal significance 
calculated in the same way as in the previous section corresponding to a 100 fb" 1 data set. The figure in the 
left panel shows the significance in the ti~X2 plane for our first simplified model while the figure in the right 
panel presents the significance in the bi-x^ plane in the second model. In both cases we assume the mass 
of the lightest neutralino to be 50 GeV. It can be observed that a top squark mass of about 1 TeV can be 
probed with 5 a significance in the first case and sbottoms of mass about 900 GeV can be discovered with 
the same significance in the latter case. 
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Figure 5: The signal efficiencies at 100 fb 1 in the ti~x^ plane (left panel) and bi~xf plane (right panel) in 
the two simplified model scenarios as described in the text. 



5 Summary and Conclusion 

The non-observation of gluinos and squarks of first two generations and the discovery of a SM like higgs 
boson with mass around 125 GeV has forced us to consider the possibility of the existence of a light third 
generation of squarks namely, the top and the bottom quarks. As a light third generation of squarks is also 
motivated by naturalness arguments, searches of such light stop and sbottoms in all possible decay topologies 
are extremely important in the endeavour to look for signals of supcrsymmetry at the LHC. The production 
cross-section of a TcV scale stop or sbottom pairs being rather small, it is useful to consider an inclusive 
search strategy for stop and sbottom pair production in a common final state. In this work we attempt to 
perform such a study choosing a final state containing a top quark and two additional hard leptons along 
with substantial missing transverse momentum. We carry out a detailed simulation of the signal and all the 
possible backgrounds. We observe that the combined use of di-leptonic Mt2, the effective mass of an event 
m e ff and the jet substructure technique to tag a hadronically decaying top is extremely useful to achieve 
a good signal significance. We find that a third generation of squarks with masses about 900 GeV can be 
discovered at the 14 TeV LHC with a 100 fb" 1 data set which is achievable within the first few years of 
LHC14 run. We also interpret our results in the context of two simplified models of light stop and light 
sbottom squarks and conclude that with our strategy top squarks up to 1 TeV and bottom squarks up to 
about 900 GeV can be discovered with the same amount of data. 

It is our hope that this work will motivate the experimental collaborations to perform further detailed 
analysis of the proposed channel on the real data taking our work as a starting guide. 
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